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(57) The present invention provides a constant ve-
locity universal joint having a recess-projection engage-
ment configuration in which backlash at a shaft connect-
ing region does not easily occur, and an inner joint com-
ponent and a shaft can be firmly connected. In the con-
stant velocity universal joint of the present invention, the
inner joint component and the shaft 5 fitted into an axis
hole 22 of the inner joint component are connected by
the recess-projection engagement configuration. En-
gagement contacting regions 38 of projections 35 and
recesses 36 corresponding thereto are in close contact
over the whole region.

CONSTANT VELOCITY UNIVERSAL JOINT

FIG. 1
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a fixed or slide-
type constant velocity universal joint used in a power
transmission system in automobiles and various indus-
trial machineries. The fixed-type or slide-type constant
velocity universal joint is mounted on a drive shaft or a
propeller shaft used in, for example, a front-engine, front-
wheel drive (FF) vehicle, a four-wheel drive (4WD) vehi-
cle, and a front-engine, rear-wheel drive (FR) vehicle. In
particular, the present invention relates to a constant ve-
locity universal joint including a recess-projection en-
gagement configuration by which an inner joint compo-
nent is connected to a shaft.

BACKGROUND ART

[0002] Forexample, a drive shaft of an automobile has
a configuration in which a slide-type constant velocity
universal joint is mounted on one axial end of the shaft
and a fixed constant velocity universal joint is mounted
on another axial end.

[0003] In atripod constant velocity universal joint (TJ)
that is one slide-type constant velocity universal joint
used as a connecting joint of the drive shaft, three track
grooves are formed on an inner circumferential surface
in an axial direction. The constant velocity universal joint
includes an outer joint component (outer member) and
an inner joint component (tripod component). The outer
joint component has a roller guiding surface in the axial
direction on both sides of each track groove. The inner
joint component includes three leg shafts projecting in a
radial direction. A rolling element (roller) is housed be-
tween the leg shafts of the inner joint component and the
roller guiding surfaces of the outer joint component such
as to rotate freely.

[0004] A Birfield constant velocity universal joint (BJ)
that is a fixed constant velocity universal joint includes
an outer joint component (outer member) and an inner
joint component (inner member). In the outer joint com-
ponent, a plurality of track grooves are formed on aninner
spherical surface along an axial direction, the track
grooves being equal distances apart in a circumferential
direction. In the inner joint component, a plurality of track
grooves forming a pair with the track grooves on the outer
jointcomponent are formed on an outer spherical surface
along the axial direction, the track grooves being equal
distances apart in a circumferential direction. A plurality
of balls that transmit torque are interposed between the
track grooves on the outer joint component and the track
grooves on the inner joint component. A cage that holds
the balls is interposed between the inner spherical sur-
face of the outer joint component and the outer spherical
surface of the inner joint component.

[0005] A configuration in which the axial end of the
shaft is pressed into an axis hole inner diameter of the
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inner joint component is used as a connection configu-
ration between the slide-type constant velocity universal
joint or the fixed constant velocity universal joint, and the
shaft. A female spline is formed on the axial hole inner
diameter of the inner joint component and a male spline
is formed on an axial end outer diameter of the shaft as
a recess portion and a projection portion running along
the axial direction.

[0006] A hardening process by, for example, induction
hardening or carburizing and quenching is performed on
the axial hole inner diameter of the inner joint component
on which the female spline is formed and on the axial
end outer diameter of the shaft on which the male spline
is formed, thereby forming hardened layers. Strength of
the axial hole inner diameter of the inner joint component
and the axial end outer diameter of the shaft is ensured
by the hardened layers being formed.

[0007] The axial end outer diameter of the shaft is
pressed into the axial hole inner diameter of the inner
joint component, and the male spline and the female
spline mesh. As a result, the shaft is fitted into the inner
joint component. As a result of spline engagement be-
tween the shaft and the inner joint component, torque
can be transmitted therebetween (refer to, for example,
Fig. 2in Patent Document 1: Japanese PatentLaid-Open
Publication No. 2003-314580).

[0008] Inaconnection configuration between the inner
joint component and the shaft such as this, there is that
in which a stopper ring with a round cross-section at-
tached to the axial end of the shaft comes into contact
with a locking surface provided on the inner joint compo-
nent, thereby serving as a dislocation stopper (refer to,
for example, Patent Document 2: Japanese Patent Laid-
Open Publication No. Heisei 8-68426).

Patent Document 1: Japanese Patent Laid-Open
Publication No. 2003-314580

Patent Document 2: Japanese Patent Laid-Open
Publication No. Heisei 8 (1996)-68426

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] In an engagement configuration between the
inner joint component of the constant velocity universal
joint and the shaft, described above, the hardening-proc-
essed female spline is formed on the axial hole inner
diameter of the inner joint component. The hardening-
processed male spline is formed on the axial end outer
diameter of the shaft. As a result, the axial end outer
diameter of the shaft presses into the axial hole inner
diameter of the inner joint component and spline engage-
ment is performed.

[0010] However, the engagement configuration be-
tween the inner joint componentand the shaftis arecess-
and projection engagement by the hardening-processed
female spline and the hardening-process male spline.
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Therefore, there is a problem in that backlash easily oc-
curs. When a backlash such as this is present, itbecomes
difficult to accurately transmit rotational torque with ac-
curacy. In addition, when torque is intermittently added,
tooth flanks of the splines rub against each other, possibly
causing a decrease in fatigue strength of the splines.
Moreover, abnormal noise may occur because of the
backlash.

[0011] When the dislocation stopper is provided by the
stopper ring in the connection configuration between the
inner joint component and the shaft, groove processing
for stopper ring engagement is required for the shaft and
locking surface processing is required for the inner joint
component. Moreover, because a number of processes
increase and the stopper ring is required, a number of
components increase and product cost rises.

[0012] The presentinvention is proposed in light of the
above-described issues. An object of the present inven-
tion is to provide a constant velocity universal joint having
a recess-projection engagement configuration in which
backlash at a shaft connecting region does not easily
occur, and an inner joint component and a shaft can be
firmly connected.

MEANS FOR SOLVING THE PROBLEMS

[0013] A constantvelocity universal joint of the present
invention is a constant velocity universal joint including
an outer joint component, an inner joint component
pressed into the outer joint component, and a torque
transmitting component that is interposed between the
outer joint component and the inner joint component and
performs torque transmission. The constant velocity uni-
versal joint has a recess-projection engagement config-
uration that connects the inner joint component and a
shaft press-fitted into the inner joint component. Engage-
ment contacting regions of projections of at least one of
the inner joint component or the shaft and recesses of a
partner component engaging with the projections are in
close contact over the whole region.

[0014] In the constant velocity universal joint of the
present invention, because the engagement contacting
regions of the projections and the recesses of the partner
component engaging with the projections are in close
contact over the whole region, in the engagement con-
figuration, a gap that causes backlash in the radial direc-
tion and the circumferential direction is not formed.
[0015] A hardened layer is formed by induction hard-
ening on an outer diameter side of the inner joint com-
ponent, an inner diameter side of the inner joint compo-
nent is in an un-quenched state, and in the recess-pro-
jection engagement configuration, engagement contact-
ing regions of projections on the outer diameter surface
of the shaft and recesses on axis hole inner diameter
surface of the inner joint component that engages with
the projections are in close contact over the whole region.
[0016] In this case, because the inner diameter side
of the inner joint component is in the un-quenched state,
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the inner diameter side of the inner joint component is
relatively soft. Therefore, an improvement in facilitation
of engagement (close contact) when the projections on
the outer diameter surface of the shaft engage with the
recesses on the axis hole inner diameter surface of the
inner joint component can be achieved. Occurrence of
backlash in the radial direction and the circumferential
direction can be accurately suppressed. Moreover, be-
cause the hardened layer is formed on the outer diameter
side of the inner joint component, improvements can be
achieved in the strength and durability of the inner joint
component. In particular, because the hardened layer is
formed by induction hardening, the inner diameter side
can be prevented from hardening. The un-quenched
state of the inner diameter side can be stably ensured.
In addition, the recess-projection engagement configu-
ration can be formed with certainly simply by the hard-
ened layer being formed on the projections of the outer
diameter surface of the shaft by heat treatment and the
shaft being pressed into the axis hole.

[0017] In the recess-projection engagement configu-
ration, projections extending in the axial direction are
formed on the outer diameter surface of the shaft. Recess
grooves running along a circumferential direction are pro-
vided on the inner diameter surface of the axis hole of
the inner joint component. The shaft is pressed into the
axis hole of the inner joint component. Recesses engag-
ing in close contact with the projections are intermittently
formed in the axial direction on the inner diameter surface
of the axis hole of the inner joint component by the pro-
jections of the shaft. The engagement contacting regions
of the projections of the shaft and the recesses of the
inner joint component are in close contact over the whole
region.

[0018] In the recess-projection engagement configu-
ration, as a result of the shaft being pressed into the axis
hole of the inner joint component, transfer of the shape
of the projections is performed on a recess forming sur-
face on a partner side (inner diameter surface of the axis
hole of the inner joint component). At this time, as a result
of the projections wedging into the inner diameter surface
of the axis hole of the inner joint component, the axis hole
is in a slightly expanded state, allowing movement of the
projections in the axial direction. When the movement in
the axial direction stops, the axis hole decreases in di-
ameter to return to an original diameter. As a result, the
engagement contacting regions of the projections and
the recesses of the partner component engaging with the
projections are in close contact over the whole region.
Therefore, in the engagement configuration, a gap that
causes backlash in the radial direction and the circum-
ferential direction is not formed.

[0019] A protruded section (pushed-out section)
formed when the shaft presses into the axis hole of the
inner joint component is cut at the intermittent section of
the recesses (recess groove section along the circum-
ferential direction). Therefore, the protruded section can
be prevented from interfering with the press-fitting. In oth-
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er words, resistance that pushes out the protruded sec-
tion (pushed-out section) is reduced, thereby reducing
press-fitting load. When surface pressure applied to the
projections is reduced, chipping and wear of the projec-
tions can be reduced. Formability of the recesses is im-
proved. In addition, because an engagement length in
the recess-projection engagement configuration can be
increased, an improvement in torsional strength can be
achieved. Stable rotation transmission can be per-
formed.

[0020] In the recess-projection engagement configu-
ration, projections extending in the axial direction are pro-
vided on the inner diameter surface of the axis hole of
the inner joint component and recess grooves running
along the circumferential direction are formed on the out-
er diameter surface of the shaft. The shaftis pressed into
the axis hole of the inner joint component. Recesses en-
gaging in close contact with the projections are intermit-
tently formed in the axial direction on the outer diameter
surface of shaft by the projections of the inner joint com-
ponent. The engagement contacting regions of the pro-
jections of the inner joint component and the recesses
of the shaft are in close contact over the whole region.
[0021] In the recess-projection engagement configu-
ration, as a result of the shaft being pressed into the axis
hole of the inner joint component, transfer of the shape
of the projections on the inner joint component is per-
formed on a recess forming surface on a partner side
(outer diameter surface of the shaft). At this time, as a
result of the projections wedging into the outer diameter
surface of the shaft, the axis hole is in a slightly expanded
state, allowing movement of the projections in the axial
direction. When the movement in the axial direction
stops, the axis hole decreases in diameter to return to
an original diameter. As a result, the engagement con-
tacting regions of the projections and the recesses (outer
diameter surface of the shaft) of the partner component
engaging with the projections are in close contact over
the whole region. Therefore, in the engagement config-
uration, in a similar manner to the above-described first
constant velocity universal joint, a gap that causes back-
lash in the radial direction and the circumferential direc-
tion is not formed.

[0022] The constant velocity universal joint can be that
using a ball as the torque transmitting component. Alter-
natively, the constant velocity universal joint (tripod con-
stant velocity universal joint) can include an outer joint
component on which three track grooves having roller
guiding surfaces facing each other in the circumferential
direction are formed, a tripod component serving as the
inner joint component including three leg shafts protrud-
ing in a radial direction, and rollers serving as a torque
transmitting component fitted onto the leg shafts such as
to rotate freely and inserted into the track grooves. The
rollers can move in the axial direction of the outer joint
component along the roller guiding surfaces. A constant
velocity universal joint using the ball as the torque trans-
mitting component can be a fixed-type, such as the
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Birfield constant velocity universal joint (BJ) and the un-
dercut-free constant velocity universal joint (UJ). More-
over, the constant velocity universal joint can be a slide-
type such as a cross-groove-type constant velocity uni-
versal joint (LJ) and a double-offset-type constant veloc-
ity universal joint (DOJ). In other words, the Birfield con-
stant velocity universal joint (BJ), the undercut-free con-
stant velocity universal joint (UJ), and the double-offset-
type constant velocity universal joint (DOJ) include an
outer member serving as the outer joint component in
which a plurality of guide grooves extending in the axial
direction are formed on an inner circumferential surface,
an inner member serving as the inner joint component in
which a plurality of guide grooves extending in the axial
direction are formed on an outer circumferential surface,
torque transmitting balls disposed on ball tracks formed
by the guiding grooves of the outer member and the guid-
ing grooves of the inner member working in cooperation,
and a holder having pockets that holds the torque trans-
mitting balls. The cross-groove-type constant velocity
universal joint (LJ) includes an outer member serving as
the outer joint component in which a guide groove twisted
in one circumferential direction to an axial line and a guide
groove twisted in another circumferential direction are
alternately provided on an inner circumferential surface,
an inner member serving as the inner joint component in
which guiding grooves are formed on an outer circum-
ferential surface thereof each of which forms a pair with
each guiding groove of the outer member and is twisted
inthe opposite direction of the counterpart guiding groove
of the outer member, and a holder holding the torque
transmitting balls.

[0023] Projections provided on one of either an outer
diameter surface of the shaft or an inner diameter surface
of the inner joint component and extending in an axial
direction are pressed into the other along the axial direc-
tion, and recesses engaging with the projections in close
contact are formed on the other by the projections. In
other words, transfer of the shape of the projections is
performed on a recess forming surface on a partner side.
At this time, as a result of the projections wedging into
the recess forming surface on the partner side, the axis
hole is in a slightly expanded state, allowing movement
of the projections in the axial direction. When the move-
ment in the axial direction stops, the axis hole decreases
in diameter to return to an original diameter. As a result,
the engagement contacting regions of the projections
and the recesses of the partner component engaging with
the projections are in close contact over the whole region.
[0024] In the constant velocity universal joint of the
present invention, one of either the track grooves of the
outer joint component or the track grooves of the inner
joint component is formed by cold forging finish. Constit-
uent elements including the outer joint component, the
inner joint component, the balls, and a cage can be
mounted by random matching. The inner joint component
and the shaft fitted into the axis hole of the inner joint
component are connected by the recess-projection en-
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gagement configuration as described above. Engage-
ment contacting regions of the projections of one of either
the inner joint component or the shaft and the recesses
of the partner component engaging with the projections
are in close contact over the whole region.

[0025] In other words, each constituent element is
mounted by random matching. One of either the track
grooves of the outer joint component or the track grooves
of the inner joint component is formed by cold forging
finish. As aresult, only the cold forging finish is performed
to form the track grooves. Grinding finish after turning
and heat treatment that has been performed in the past
become unnecessary. Therefore, cost reduction of the
constant velocity universal joint can be achieved.
[0026] Here, "random matching" refers to when the
outer joint component and the inner joint component of
which the track grooves are formed by cold forging finish
are arbitrarily combined without performing selected
combining in which, from among a large number of outer
jointcomponents, inner joint components, balls, and cag-
es, constituent elements including the outer joint compo-
nent, the inner joint component, the balls, and the cage
can be selected and combined such that PCD gap and
the like fall within a range of defined values.

[0027] As a result of the PCD gap falling within the
range of defined values, backlash can be kept to a re-
quired minimum. Total backlash increases when the cold
forging finish and random matching (matching suspen-
sion) without a tight-fit engagement being performed be-
tween the inner joint component and the shaft. Therefore,
when tight-fit engagement is not used, random matching
becomes difficult to apply.

[0028] The constant velocity universal joint can be a
fixed-type, such as the Birfield constant velocity joint (BJ)
and the undercut-free constant velocity universal joint
(UJ), or a slide-type, such as the double-offset-type con-
stant velocity universal joint (DOJ). In BJ, each overall
track groove is formed into a curved line. In UJ, one end
of each track groove is a fixed type formed in a straight
shape in parallel with an axial line.

[0029] In the recess-projection engagement configu-
ration between the inner diameter surface of the inner
joint component and the shaft, a gap that causes back-
lash in the radial direction and the circumferential direc-
tion is notformed. In addition, a PCD gap of the ball tracks
formed by the track grooves of the outer joint component
and the track grooves of the inner joint component work-
ing in cooperation with the outer joint component is pref-
erably -0.02 to +0.3 millimeters. As a result, backlash
between each constituent element including the outer
joint component, the inner joint component, the shaft, the
balls, and the cage can be kept to a required minimum.
In particular, the backlash can be kept to a required min-
imum by the tight-fit engagement and the PCD gap being
set in this way. When the PCD gap is smaller than
-0.02mm, operability of the constant velocity universal
joint becomes difficult to ensure. On the other hand when
the PCD gap is greater than +0.3mm, even when the
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backlash between the inner joint component and the
shaft is eliminated, total backlash in the constant velocity
universal joint increases. Problems such as torque trans-
mission loss and abnormal noise caused by the increase
become a concern.

[0030] A horizontal cross-sectional shape of the track
grooves of the outer joint component and the track
grooves of the inner joint componentis preferably a gothic
arch that is in angular contact with the balls. As a result,
a contacting state of the ball to the track groove can be
stabilized.

[0031] Projections canbe formed onthe shaft. Recess-
es that engage in close contact with the projections can
be formed on an axis hole inner diameter surface of the
inner joint component by the projection by hardness of
at least an axial direction end section of the projections
being higher than that of the axis hole inner diameter
section of the inner joint component and the shaft being
pressed into the axis hole of the inner joint component
from the axial direction end section side of the projec-
tions. In addition, projections can be formed on an inner
diameter surface of the axis hole of the inner joint com-
ponent. Recesses that engage in close contact with the
projections can be formed on an outer diameter surface
of the shaft by the projection by hardness of at least an
axial direction end section of the projections being higher
than that of outer diameter section of the shaft and the
projections on the inner joint component side being
pressed into the shaft from the axial direction end section
side thereof.

[0032] A pocket section for storing a protruded section
formed as a result of recess formation by the press-fitting
is preferably provided on the shaft. Atthis time, the pocket
section for storing the protruded section formed as a re-
sult of recess formation by the press-fitting can be pro-
vided on the shaft, or the pocket section can be provided
on the inner diameter surface of the axis hole of the inner
joint component. Here, the protruded section is material
of an amount of a volume of the recess into which the
engagement contacting region of the projection is fitted
(engaged). The protruded section is configured by ma-
terial that is pushed out from the formed recesses, ma-
terial that is cut to form the recesses, both material that
is pushed out and material that is cut, and the like.
[0033] The pocket section for storing the protruded
section is preferably provided on a press-fitting starting
end side of the projections of the shaft. A shoulder section
for centering with the axis hole of the inner joint compo-
nent is preferably provided on a counter-projection side
of the pocket section.

[0034] Any region of a projection in a projecting direc-
tion corresponds with a recess forming surface before
the recess is formed. At this time, a maximum diameter
dimension of an arc connecting peaks of a plurality of
projections provided on a shaft outer diameter may be
greater than an inner diameter dimension of the axis hole
of the inner joint component. A maximum outer diameter
dimension of a shaft outer diameter surface between ad-
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jacent projections may be smaller than the inner diameter
dimension of the axis hole of the inner joint component.
A minimum diameter dimension of an arc connecting
peaks of a plurality of projections on the axis hole may
be smaller than an outer diameter dimension of the inner
joint component fitting section of the shaft. A minimum
inner diameter dimension of an axis hole inner diameter
surface between adjacent projections may be greater
than the outer diameter dimension of the inner joint com-
ponent fitting section of the shaft.

[0035] A circumferential direction thickness of a pro-
jecting direction intermediate region of the projection is
preferably smaller than a circumferential direction dimen-
sion at a position corresponding to the intermediate re-
gion between projections adjacent in the circumferential
direction. As a result of a setting such as this, total sum
of the circumferential direction thickness of the projecting
direction intermediate regions of the projections is small-
er than a total sum of the circumferential direction thick-
ness at positions corresponding to the intermediate re-
gions of the projections of the partner side engaging be-
tween projections adjacent in the circumferential direc-
tion.

[0036] A recess-projection running along the axial di-
rection is preferably provided on at least a portion of the
projection side in the axial direction. The recess-projec-
tion running along the axial direction on the projection
side may be formed into a saw-tooth shape.

ADVANTAGE OF THE INVENTION

[0037] In the recess-projection engagement configu-
ration of the present invention, a gap causing backlash
in the radial direction and the circumferential direction is
not formed. As a result, all engagement regions contrib-
ute to rotational torque transmission. A stable rotational
torque transmission can be performed. A decrease in
fatigue strength of splines caused by tooth flanks of the
splines rubbing against each other can be prevented.
Superior durability can be achieved. Moreover, abnormal
noise does not occur. Furthermore, because close con-
tact is made without a gap therebetween in the radial
direction and the circumferential direction, strength of a
torque transmitting region increases. The constant ve-
locity universal joint can be made lighter and more com-
pact.

[0038] Projections provided on one of either the outer
diameter surface of the shaft and the inner diameter sur-
face of the axis hole of the inner joint component can be
pressed into the other along the axial direction. Recesses
that engage in close contact with the projections can be
formed on the other by the projections. Therefore, the
recess-projection engaging configuration can be formed
with certainty. Moreover, a spline section and the like are
not required to be formed on a component on which the
recesses are formed. Superior manufacturability can be
achieved. Phase alignment between splines is not re-
quired. An improvement in facilitation of assembly work
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can be achieved. Moreover, damage to tooth flanks dur-
ing press-fitting can be prevented, and a stable engage-
ment state can be maintained.

[0039] When the projections are provided on the shaft
and the hardness of the projection side is higher than
that of the axis hole inner diameter side of the inner joint
component, recess formation onto the axis hole inner
diameter surface of the inner joint component during
press-fitting can be facilitated. In addition, the hardness
of the shaft side can be increased, thereby improving
torsional strength of the shaft. When the projections are
formed on the inner diameter surface of the axis hole of
the inner joint component and the hardness of the axial
direction end section of the projection side is higher than
the outer diameter section of the shaft, recess formation
onto the shaft side outer diameter surface can be facili-
tated. Hardening process (heat treatment) on the shaft
side is not required to be performed. Therefore, superior
shaft manufacturability can be achieved.

[0040] As aresultof the pocket section storing the pro-
truded section formed as a result of the recess formation
by press-fitting being provided, the protruded section can
be held (maintained) within the pocket section and does
not slip into the constant velocity universal joint. In other
words, the protruded section can remain housed within
the pocket section. The protruded section removal oper-
ation is not required to be performed. A number of as-
sembly operations can be reduced. Assembly workability
can be improved and cost can be reduced.

[0041] As aresult of the shoulder section for centering
being provided on an axial direction counter-projection
side of the pocket section, the protruded section within
the pocket section does not fly out towards the shoulder
section side. The protruded section is more stably
housed. Moreover, because the shoulder section is for
centering, the shaft can be pressed into the inner joint
component while preventing center misalignment.
Therefore, the inner joint component and the shaft can
be connected with high accuracy. A stable torque trans-
mission can be performed.

[0042] As aresult of any region in the projecting direc-
tion of the projections being disposed on the recess form-
ing surface before the recess is formed, the recesses
wedge into the recess forming surface, allowing the re-
cesses to be formed with certainty.

[0043] As aresult of the circumferential direction thick-
ness of the projecting direction intermediate region of the
projections being less than the dimension at the position
corresponding to the intermediate region between re-
cesses adjacent in the circumferential direction, the cir-
cumferential direction thickness of the projecting direc-
tion intermediate region of the projections (projections
between the recesses being formed) on the side on which
the recesses are formed can be increased. Therefore,
the shear area of the projections on the partner side (the
projections with low hardness between recesses as a
result of the recesses being formed) can be increased.
Torsional strength can be ensured. Moreover, because
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the tooth thickness of the projections on the side with
high hardness is small, the press-fitting load can be de-
creased. An improvement in facilitation of press-fitting
can be achieved.

[0044] As a result of the recess-projection running
along the axial direction being provided on at least a por-
tion of the projection side in the axial direction, when
press-fitting is performed, the projection recess running
along the axial direction wedges into the side having a
low hardness (the side on which the recesses into which
the projections fit are formed) along the axial direction.
As a result of the wedging, a dislocation stopper for the
inner joint component in the axial direction of the shaft
can be configured. As a result of the projection recess
having a saw-tooth shape, the saw-tooth further wedges
into the side with the low hardness. Therefore, the dislo-
cation stopping mechanism becomes stronger. As a re-
sult, a stable connection state can be maintained. A high-
er quality constant velocity universal joint can be
achieved. Moreover, the dislocation stopper can be con-
figured at the projection recess running along the axial
direction. Therefore, a stopper ring fitting groove is not
required to be provided on the shaft and a locking surface
is not required to be provided on the inner joint compo-
nent. The number of processes and the number of com-
ponents can be reduced. Manufacturing cost can be re-
duced and assembly workability can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0045]

Fig. 1is a cross-sectional view of a constant velocity
universal joint of the present invention using a re-
cess-projection engagement configuration;

Fig. 2 is a cross-sectional view of the recess-projec-
tion engagement configuration in an exploded state;
Fig. 3 are diagrams of the recess-projection engage-
ment configuration of the constant velocity universal
joint; (a) is an enlarged cross-sectional view; and (b)
is an enlarged view of a section X in (a);

Fig. 4 is a side view of main components of a shaft
connected to the constant velocity universal joint;
Fig. 5 is a front view of the shaft;

Fig. 6 is an enlarged cross-sectional view of main
components showing a variation example of the re-
cess-projection engagement configuration;

Fig. 7 is a cross-sectional view of another recess-
projection engagement configuration;

Fig. 8 is a an enlarged cross-sectional view of main
components of the recess-projection engagement
configuration in Fig. 7;

Fig. 9 is a cross-sectional view of Fig. 7 in an explod-
ed state;

Fig. 10 is a cross-sectional view of still another re-
cess-projection engagement configuration;

Fig. 11 is an enlarged cross-sectional view of main
components of the recess-projection engagement
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configuration in Fig. 10;

Fig. 12 is a cross-sectional view of the recess-pro-
jection engagement configuration in Fig. 10 in an as-
sembled state;

Fig. 13 is a cross-sectional view of another inner
member configuring the recess-projection engage-
ment configuration of the present invention;

Fig. 14 is an enlarged cross-sectional view of main
components of the inner member of the constant ve-
locity universal joint in Fig. 13;

Fig. 15A are diagrams of an inner joint component
of a tripod constant velocity universal joint using the
recess-projection engagement configuration of the
present invention; (a) is a front view; (b) is a cross-
sectional view; and (c) is a cross-sectional view tak-
en along line Z-Z in (b);

Fig. 15B is a cross-sectional view of a first variation
example of the inner joint component of the tripod
constant velocity universal joint;

Fig. 15C is a cross-sectional view of a second vari-
ation example of the inner joint component of the
tripod constant velocity universal joint;

Fig. 16 is a cross-sectional view of another recess-
projection engagement configuration;

Fig. 17 is an enlarged view of a section Y in Fig. 16;
Fig. 18is a cross-sectional view of a constant velocity
universal joint using a variation example of the re-
cess-projection engagement configuration;

Fig. 19 is a cross-sectional view of the recess-pro-
jection engagement configuration in an exploded
state;

Fig. 20 are diagrams of the recess-projection en-
gagement configuration of the constant velocity uni-
versal joint; (a) is an enlarged cross-sectional view,
and (b) is an enlarged view of main components in
(a);

Fig. 21 is a cross-sectional view of a recess groove
on the inner member of the constant velocity univer-
sal joint;

Fig. 22 is a cross-sectional view of the shaft connect-
ed to the constant velocity universal joint;

Fig. 23 is a graph of a relation between a recess
forming length and a press-fitting force when a re-
cess is intermittently processed;

Fig. 24 is a graph of a relation between a recess
forming length and a press-fitting force when a re-
cess is continuously processed;

Fig. 25 is a cross-sectional view of a recess-projec-
tion engagement configuration according to another
variation embodiment of the present invention;

Fig. 26 is a cross-sectional view of Fig. 25 in an ex-
ploded state;

Fig. 27 is a cross-sectional view of a recess-projec-
tion engagement configuration according to still an-
other variation embodiment of the present invention;
Fig. 28 is an enlarged cross-sectional view of main
components of the recess-projection engagement
configuration in Fig. 27;
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Fig. 29 is a cross-sectional view of the recess-pro-
jection engagement configuration in Fig. 27 in an as-
sembled state;

Fig. 30 is a cross-sectional view of the recess-pro-
jection engagement configuration in Fig. 27 in an as-
sembled state;

Fig. 31 is an enlarged cross-sectional view of main
components of the recess-projection engagement
configuration in Fig. 27 in an assembled state;

Fig. 32 is a cross-sectional view of a recess-projec-
tion engagement configuration according to still an-
other variation embodiment of the present invention;
Fig. 33 is a cross-sectional view of the recess-pro-
jection engagement configuration in Fig. 32 in an as-
sembled state;

Fig. 34 is a cross-sectional view of an inner member
configuring the recess-projection engagement con-
figuration in Fig. 32;

Fig. 35is a cross-sectional view of main components
of the recess-projection engagement configuration
in Fig. 32;

Fig. 36 is a cross-sectional view of a variation exam-
ple of a recess groove;

Fig. 37 is a horizontal cross-sectional view of the
constant velocity universal joint;

Fig. 38 is a cross-sectional view of a variation exam-
ple of a track groove;

Fig. 39 is a vertical cross-sectional view of an under-
cut-free constant velocity universal joint;

Fig. 40 is a vertical cross-sectional view of a DOJ-
type constant velocity universal joint;

Fig. 41 is a cross-sectional view of a sixth variation
example of the recess-projection engagement con-
figuration; and

Fig. 42 is an enlarged view of main components in
Fig. 41.

BEST MODE FOR CARRYING OUT THE INVENTION

[0046] Embodiments of the present invention will be
hereinafter described in detail. According to the embod-
iments below, when the present invention is applied to a
fixed (Birfield-type) constant velocity universal joint (BJ)
is given as an example. However, the present invention
can also be applied to other fixed constant velocity uni-
versal joints, such as an undercut-free constant velocity
universal joint (UJ). Moreover, the present invention can
also be applied to a slide-type constant velocity universal
joint, such as a cross groove constant velocity universal
joint (LJ), a double offset constant velocity universal joint
(DOJ), and a tripod constant velocity universal joint (TJ).
[0047] Fig. 1 shows an example of an overall configu-
ration of the Birfield constant velocity universal joint using
a recess-projection engagement configuration. The con-
stant velocity universal joint includes an outer member
1, an inner member 2, a ball 3, and a cage 4 as main
components. The outer member 1 serves as an outer
joint component. The inner member 2 serves as an inner
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joint component pressed into the outer member 1. The
ball 3 is interposed between the outer member 1 and the
innermember 2, and serves as a torque transmitting com-
ponent that transmits torque. The cage 4 is interposed
between the outer member 1 and the inner member 2,
and holds the ball 3. When the fixed constant velocity
universal joint is applied to a drive shaft, the outer mem-
ber 1is connected to a wheel bearing device (not shown).
A shaft 5 is connected to the inner member 2 by a recess-
projection engagement configuration M of the present
invention. As a result, torque can be transmitted at a con-
stant speed even in a state in which rotation axes of the
outer member 1 and the inner member 2 are at an angle.
[0048] The outer member 1 includes a mouth section
6 and a stem section 7. The outer member 1 is connected
to the wheel bearing device at the stem section 7 to allow
torque transmission. The mouth section 6 is shaped into
a bowl that has an opening on one end. A plurality of
track grooves 9 extending in an axial direction are formed
on an inner spherical surface 8 of the mouth section 6,
the track grooves 9 being equal distances apart in a cir-
cumferential direction. The track grooves 9 extend to the
opening end of the mouth section 6. On an outer spherical
surface 10 of the inner member 2, a plurality of track
grooves 11 extending in the axial direction are formed,
the track grooves 11 being equal distances apart. The
track grooves 11 cut through in the axial direction of the
inner member 2.

[0049] A track groove 9 on the outer member 1 and a
track groove 11 on the inner member 2 form a pair. The
ball 3, serving as a torque transmitting element, is mount-
ed on each ball track configured by each pair of track
groove 9 and track groove | in a rotatable manner (a
cross-sectional view of when six balls are provided is
shown in Fig. 37). The ball 3 is interposed between the
track groove 9 on the outer member 1 and the track
groove 11 on the inner member 2 and transmits torque.
The cage 4 is interposed between the outer member 1
and the inner member 2 in a slidable manner. The cage
4 comes into contact with the inner spherical surface 8
of the outer member 1 at an outer spherical surface 4a
and comes into contact with the outer spherical surface
10 of the inner member 2 at an inner spherical surface 4b.
[0050] Asdescribed above, the inner member 2is con-
nected to the shaft 5 to allow torque transmission by an
end section 5a of the shaft 5 being pressed into an axis
hole 22 of the inner member 2. In other words, the shaft
5 and the inner member 2 are connected by the recess-
projection engagement configuration M according to a
firstembodiment of the present invention. An inner diam-
eter surface 37 of the axis hole 22 of the inner member
(see Fig. 2) is formed by cold forging finish. However,
the inner diameter surface 37 can also be formed by turn-
ing and polish finishing.

[0051] As shown in Fig. 3, the recess-projection en-
gagement configuration M includes, for example, a pro-
jection 35 and a recess 36. The projection 35 is provided
on the shaft 5 side and extends in the axial direction. The
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recess 36 is formed on the inner diameter surface 37 of
the axial hole 22 of the inner member 2. Engagement
contacting regions 38 of the projection 35 and of the re-
cess 36 on the inner member 2 engaging with the pro-
jection 35 are in close contact over the whole region. A
plurality of projections 35 are disposed at a predeter-
mined pitch along the circumferential direction. A plurality
of recesses 36 into which the projections 35 fit are formed
on the inner spherical surface 37 of the inner member 2
along the circumferential direction. In other words, along
an entire circumference in the circumferential direction,
the projections 35 and the recesses 36 engaging with
the projections 35 are closely engaged.

[0052] In this case, any region in a projecting direction
of a projection (projecting direction intermediate section
in the diagram) corresponds with a position of a recess
forming surface before the recess is formed. In other
words, each projection 35 has a triangular (sloped) cross-
section having a projection, arc-shaped peak. The en-
gagement contacting regions 38 of each projection 35
and recess 36 of the inner member 2 are region A shown
in Fig. 3(b). The region A is a region from a middle of a
slope to the peak in the cross-section. A gap 40 is formed
between projections 35 adjacent in the circumferential
direction. The gap 40 is formed closer to an inner diam-
eter side than the inner diameter surface 37 of the inner
member 2. Rather than the projection direction interme-
diate section of all projections 35 corresponding to the
position of the recess forming surface before the recess
is formed, some projections 35 can correspond thereto.
[0053] In the present invention, in the recess-projec-
tion engagement configuration M, the engagement con-
tacting regions 38 of the projection 35 and of the recess
36 on the inner member 2 are in close contact over the
whole region. Therefore, in the recess-projection en-
gagement configuration M, a gap causing backlash in a
radial direction and the circumferential direction is not
formed. As a result, all engagement regions contribute
to rotational torque transmission. A stable rotational
torque transmission can be performed. A decrease in
fatigue strength of splines caused by tooth flanks of the
splines rubbing against each other can be prevented.
Superior durability can be achieved. Moreover, abnormal
noise does not occur. Furthermore, because close con-
tact is made without a gap therebetween in the radial
direction and the circumferential direction, strength of a
torque transmitting region increases. The constant ve-
locity universal joint can be made lighter and more com-
pact.

[0054] Next, an engaging method in the recess-pro-
jection engagement configuration M will be described. In
this case, as shown in Fig. 4 and Fig. 5, a thermoset
processing is performed on an outer diameter section of
an end section 5a of the shaft 5. A spline 41 is formed
including aprojection41aand arecess41brunning along
the hardened layer S in the axial direction. Therefore, the
projection 41a of the spline 41 is hardening-processed.
The projection 41a becomes the projection 35 of the re-
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cess-projection engagement configuration M. At this
time, an inner diameter surface 37 of the axis hole 22 of
the inner member 2 is an un-hardened section on which
the thermoset processing has not been performed. As
the thermoset processing, various heat treatments can
be used, such as induction hardening, and carburizing
and quenching. Here, induction hardening is a quenching
method to which a principle is applied in which a section
required for quenching is placed within a coil through
which a high frequency current is flowing. Joule heat is
generated by electromagnetic induction. A conductive
body is then heated. Carburizing and quenching is a
quenching method in which carbon infiltrates or is dis-
persed from a surface of a low carbon material. Quench-
ing is subsequently performed. In Fig. 4 and Fig. 5, a
hatched section hatched by dotted lines indicates the
hardened layer S. A hardness difference between the
hardened layer S and the un-hardened section of the
inner diameter surface 37 of the axis hole 22 of the inner
member 2 is 30 points or more in HRC. A module of the
spline 41 of the shaft 5 is small teeth of 0.5 or less. Here,
the module is a pitch circle diameter divided by a number
of teeth. As shown in Fig. 2 and Fig. 3, on the inner mem-
ber 2, a hardened layer S1 (cross-hatched section) is
formed on outer spherical surfaces of track grooves and
between track grooves by induction hardening. The inner
diameter surface 37 of the axis hole 22 is un-hardened.
If induction hardening is performed, the surface can be-
come hard and the interior can retain the hardness of the
material. The inner diameter side of the inner member 2
can maintain an un-quenched state. Therefore, the inner
diameter surface 37 side of the axis hole 22 of the inner
member 2 is an un-hardened section (un-quenched
state) at which the thermoset processing is not per-
formed.

[0055] Any regionin the projecting direction of the pro-
jection 35 corresponds with the position of the recess
forming surface before the projection is formed (in this
case, the inner diameter surface 37 of the axis hole 22
of the inner member 2). In other words, as shown in Fig.
2, an inner diameter dimension D of the inner diameter
surface 37 of the axis hole 22 is set to be smaller than a
maximum outer diameter dimension of the projection 35,
namely a maximum diameter dimension (circumscribed
circle diameter) D1 of a circle connecting the peaks of
the projections 35 that are the projections 41a of the
spline 41. The inner diameter dimension D is also set to
be greater than a maximum outer diameter dimension of
shaft outer diameter surfaces between adjacent projec-
tions, namely a maximum diameter dimension D2 of a
circle connecting the bottoms of the recesses 41b of the
spline 41. In other words, D2<D<D1. The spline 41 can
be formed by various processing methods that have been
public knowledge since the past, such as a component
rolling process, a cutting process, a pressing process,
and an extraction process.

[0056] In the recess-projection engagement configu-
ration M, first, as shown in Fig. 2, in a state in which an



17 EP 2 119 929 A1 18

axial center of the inner member 2 and an axial center
of the shaft 5 are aligned, the shaft 5 is inserted (pressed)
into the inner member 2. At this time, the inner diameter
dimension D of the inner diameter surface 37 of the axis
hole 22, the maximum outer diameter D1 of the projec-
tions 35, and the maximum outer diameter dimension D2
of the recesses of the spline 41 have a relation such as
that described above. Moreover, the hardness of the pro-
jection 35 is greater than the hardness of the inner diam-
eter surface 37 of the axis hole 22 by 30 points or more.
Therefore, as the shaft 5 is pressed into the axis hole 22
of the inner member 2, the projection 35 wedges into the
inner diameter surface 37. The projection 35 forms the
recess 36 into which the projection 35 is fitted along the
axial direction.

[0057] As a result, as shown in Figs. 3(a) and (b), a
engaged state can be configured in which the engage-
ment contacting regions 38 of the projections 35 of the
end section 5a of the shaft 5 and the recesses 36 of the
inner member 2 are in close contact over the whole re-
gion. In other words, transfer of the shape of the projec-
tions 35 is performed on the recess forming surface on
a partner side (in this case, the inner diameter surface
37 of the axis hole 22). The recess-projection engage-
ment configuration M can be formed.

[0058] As according to the above-described embodi-
ment, the spline 41 formed on the shaft 5 uses small teeth
with a module of 0.5 or less. Therefore, formability of the
spline 41 can be improved. Moreover, press-fitting load
can be reduced. The projections 35 can be configured
by a spline that is ordinarily formed on this type of shaft.
Therefore, the projections 35 can be easily formed at a
low cost.

[0059] As the recesses 36 are formed by the shaft 5
being pressed into the inner member 2, a work-hardening
occurs on the recess 36 side. Here, work-hardening re-
fers to when resistance to deformation increases as a
degree of deformation increases, when plastic deforma-
tion (plastic working) is performed on an object. The ob-
ject becomes harder than a material that has not been
deformed. Therefore, as a result of the plastic deforma-
tion occurring during press-fitting, the inner diameter sur-
face 37 of the inner member 2 on the projection 36 side
hardens, achieving an improvement in rotational torque
transmission.

[0060] In the spline 41 shown in Fig. 3, a pitch of the
projections 41a and a pitch of the recesses 41 b are set
to be the same. Therefore, according to the above-de-
scribed embodiment, as shown in Fig. 3(b), a circumfer-
ential direction thickness L of a projection direction inter-
mediate region of the projections 35 and a circumferential
direction dimension L0 at a position corresponding to the
intermediate region between the projections 35 adjacent
in the circumferential direction are almost the same.
[0061] On the other hand, as shown in Fig. 6, a cir-
cumferential direction thickness L2 of the projecting di-
rection intermediate region of the projections 35 can be
smaller than a circumferential direction dimension L1 at
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a position corresponding to the intermediate region be-
tween the projections 35 adjacent in the circumferential
direction. In other words, in the spline 41 formed on the
shaft 5, the circumferential direction thickness (tooth
thickness) L2 of the projecting direction intermediate re-
gion of the projections 35 is smaller than the circumfer-
ential direction thickness (tooth thickness) L1 of the pro-
jecting direction intermediate region of the partner side
engaging between the projections 35, namely the pro-
jections 43 on the inner member 2 side.

[0062] Therefore, a total sum of the tooth thicknesses
of the projections (projection teeth) 35 on the shaft 5 side
(XB1+B2+B3+...) is set to be smaller than a total sum of
the tooth thicknesses of the projections 43 on the entire
circumference of the inner member 2 side
(ZA1+A2+A3+...). As aresult, a shear area of the projec-
tion 43 on the inner member 2 side can be increased and
torsional strength can be ensured. Moreover, because
the tooth thickness of the projections 35 is small, the
press-fitting load can be reduced. Facilitation of press-
fitting can be improved. When the total sum of the cir-
cumferential direction thicknesses of the projections 35
is smaller than the total sum of the circumferential direc-
tion thicknesses of the projections 43 on the partner side,
the circumferential direction thickness L2 of all projec-
tions 35 is not required to be smaller than the circumfer-
ential direction dimension L1 between the projections 35
adjacent in the circumferential direction. In other words,
among the plurality of projections 35, when the circum-
ferential direction thickness of an arbitrary projection 35
is the same as adimension in the circumferential direction
between projections adjacent in the circumferential di-
rection or greater than the dimension in the circumferen-
tial direction, merely the total sum is required to be small-
er. The projection 35 in Fig. 6 has a trapezoidal cross-
section (Mount Fuji-shaped).

[0063] Because the inner diameter side of the inner
member 2 maintains the un-quenched state, the inner
diameter side of the inner member 2 is relatively soft.
Therefore, when the shaft 5 is pressed into the axis hole
22 of the inner member 2, formability of the recesses 36
that closely engages with the projection 35 on the axis
hole inner diameter surface 37 by the projections 35 on
the outer diameter surface of the shaft 5 is favorable. An
improvementin the facilitation of engagement (close con-
tact) when the projections 35 on the outer diameter sur-
face of the shaft 5 engage with the recesses 36 on the
axis hole inner diameter surface of the inner member can
be achieved. Occurrence of backlash in the radial direc-
tion and the circumferential direction can be accurately
suppressed. Moreover, because the hardened layer S 1
is formed on the outer diameter side of the inner member
2, improvements can be achieved in the strength and
durability of the inner member 2. In particular, because
the hardened layer S1 is formed by induction hardening,
theinner diameter side can be prevented from hardening.
The un-quenched state of the inner diameter side can be
stably ensured.
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[0064] Next, Fig. 7 shows another embodiment. In the
recess-projection engagement configuration M, a projec-
tion recess 55 running along the axial direction is formed
on a portion of the projection 35 of the shaft 5, namely
the projection 41a of the spline 41, in the axial direction.
In this case, the projection recess 55 is formed in a saw-
tooth shape running along the axial direction. In this case,
a cross-section of a projection (projection tooth) 55a in
an axial direction is a right triangle of which a shaft end
surface side is an angled surface.

[0065] As shown inFig. 9, when the axial center of the
inner member 2 and an axial center of the shaft 5 are
aligned and the shaft 5 including the projection recess
55 is pressed into the axis hole 22 of the inner member
2, the projections 35 on the shaft 5 side form the recesses
36 on the inner member 2. In this case, the projection
recess 55 wedges into a bottom section of the recesses
36 formed on the inner member 2 side. In other words,
the axis hole 22 of the inner member 2 that expands in
diameter during press-fitting decreases in diameter such
as to return to an original state after the press-fitting is
completed. Therefore, a pressing force (diameter reduc-
tion force) works on the projection recess 55 from the
inner diameter surface side of the axis hole 22 of the
inner member 2, as shown by an arrow in Fig. 8. The
projections 55a of the projection recess 55 wedge into
the inner diameter surface of the axis hole 22 of the inner
member 2.

[0066] As a result of the projection recess 55 running
along the axial direction being provided in at least a por-
tion in the axial direction on the projection 35 side, the
projection recess 55 running along the axial direction
wedges into the side having a low hardness (the side on
which the recesses 36 into which the projections 35 fit
are formed) along the axial direction. As a result of the
wedging, a dislocation stopper for the inner joint compo-
nentin the axial direction of the shaft 5 can be configured.
As a result of the projection recess 55 having the saw-
tooth shape, the saw-tooth further wedges into the side
with the low hardness. Therefore, the dislocation stop-
ping mechanism becomes stronger. As a result, a stable
connection state can be maintained. A higher quality con-
stant velocity universal joint can be achieved. Moreover,
the dislocation stopper can be configured at the projec-
tion recess 55 running along the axial direction. There-
fore, a stopper ring fitting groove is not required to be
provided on the shaft 5 and a locking surface is not re-
quired to be provided on the inner joint component. The
number of processes and the number of components can
be reduced. Manufacturing cost can be reduced and as-
sembly workability can be improved.

[0067] Whenthe shaft5is pressed intothe inner mem-
ber 2, material is pushed out from the recesses 36 formed
by the projections 35. Protruded sections 45, such as
that shown in Fig. 10, are formed. The protruded section
45 is the material of an amount of a volume of the recess
36 into which the engagement contacting region 38 of
the projection 35 is fitted (engaged). The protruded sec-
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tion 45 is configured by material that is pushed out from
the formed recesses 36, material that is cut to form the
recesses 36, both material thatis pushed out and material
that is cut, and the like.

[0068] Therefore, in the constant velocity universal
joint shown in the above-described Fig. 1, after the shaft
5 is mounted on the inner member 2, a protruded section
45 removing operation is required. Therefore, according
another embodiment shown in Fig. 10, a pocket section
50 that houses the protruded section 45 is provided on
the shaft 5.

[0069] In other words, the pocket section 50 is formed
by a circumferential direction groove 51 being formed on
an axial end edge of the spline 41 of the shaft 5. As shown
in Fig. 11, a side wall 51a of the circumferential direction
groove 51 on the spline 41 side is a flat surface perpen-
dicular to the axial direction. A side surface 51b on a
counter-spline side is a tapered surface of which the di-
ameter expands from a groove bottom 51c towards the
counter-spline side.

[0070] Adisk-shaped shouldersection 52 for centering
is provided closer to the counter-spline side than the side
surface 51b. An outer diameter dimension of the shoulder
section 52 is set to be the same as a hole diameter of
the axis hole 22 to slightly smaller than the hole diameter
D of the axis hole 22. In this case, a minute gap t is pro-
vided between an outer diameter surface 52a of the
shoulder section 52 and the inner diameter surface 37
of the axis hole 22.

[0071] Even in the inner member 2 shown in Fig. 10,
as shownin Fig. 12, ifthe axial center of the inner member
2 and the axial center of the shaft 5 are aligned and the
shaft 5 is pressed into the axis hole 22 of the inner mem-
ber 2, the recesses 36 are formed on the inner member
2 side by the projections 35 on the shaft 5 side. At this
time, the formed protruded section 45 is housed within
the pocket section 50 while curling, as shown in Fig. 11.
[0072] In this way, as a result of the pocket section 50
housing the protruded section 45 formed as a result of
recess formation by press-fitting being provided as de-
scribed above, the protruded section 45 can be held
(maintained) within the pocket section 50 and does not
slip into the constant velocity universal joint. In other
words, the protruded section 45 can remain housed with-
in the pocket section 50. The protruded section 45 re-
moval operation is not required to be performed. A
number of assembly operations can be reduced. Assem-
bly workability can be improved and cost can be reduced.
[0073] Asaresultof the shoulder section 52 for center-
ing with the axis hole 22 of the inner member 2 being
provided on a counter-projection side of the pocket sec-
tion 50, the protruded section 45 within the pocket section
50 does not fly out towards the shoulder section 52 side.
The protruded section 45 is more stably housed. More-
over, because the shoulder section 52 is for centering,
the axis section can be pressed into the axis hole 22 of
the inner member 2 while preventing center misalign-
ment. Therefore, the inner member 2 and the shaft 5 can
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be connected with high accuracy. A stable torque trans-
mission can be performed.

[0074] Becausethe shouldersection52isforcentering
during press-fitting, an outer diameter dimension thereof
is preferably set to be about slightly smaller than the hole
diameter of the inner member 2. In other words, if the
outer diameter dimension of the shoulder section 52 is
the same as the hole diameter of the inner member 2 or
greater than the hole diameter of the inner member 2,
the shoulder section 52 itself is pressed into the axis hole
of the inner member 2. When the outer diameter dimen-
sion of the shoulder section 52 is excessively smaller
than the hole diameter of the axis hole, the shoulder sec-
tion 52 does not function as that for centering. Therefore,
the minute gap t between the outer diameter surface 52a
of the shoulder section 52 and the inner diameter surface
of the axis hole is preferably set to about 0.01mm to
0.2mm.

[0075] Another configuration of the constant velocity
universal joint shown in Fig. 10 is similar to the constant
velocity universal joint shown in Fig. 1. Same compo-
nents are given the same reference numbers as those
in Fig. 1. Explanations thereof are omitted. Therefore,
the constant velocity universal joint shown in Fig. 10
achieves operational effects similar to those of the con-
stant velocity universal joint shown in Fig. 1.

[0076] As shown in Fig. 13 and 14, small recesses 60
can be provided at a predetermined pitch along the cir-
cumferential direction on the inner diameter surface of
the axis hole 22 of the inner member 2. The small recess
60 is required to be smaller than the volume of the recess
36. As a result of the small recesses 60 being provided,
facilitation of press-fitting of the projections 35 can be
improved. In other words, as a result of the small recess-
es 60 being provided, the volume of the protruded sec-
tions 45 formed when the projections 35 are press-fitted
can be reduced, and press-fitting resistance can be re-
duced. Moreover, because the protruded sections 45 can
be reduced, the volume of the pocket sections 50 can be
reduced. Facilitation of processing of the pocket sections
50 and the strength of the shaft 5 can be improved. The
shape of the small recess 60 is semi-elliptical. However,
various shapes such as rectangular can be used. The
number of small recesses 60 can be arbitrarily set.
[0077] A horizontal cross-sectional shape of the track
groove 9 of the outer member 1 and the track groove 11
of the inner member 2 can be a gothic arch that is in
angular-contact with the balls 3, as shown in Fig. 38. The
track grooves 9 and 11 having the gothic arch shape has
two ball contacting points P and Q (ball contacting angle
o) that are in angular-contact with the balls 3. An angular-
contact such as this is preferable in terms of stabilizing
a contacting state of the balls 3 to the track grooves 9
and 11. In other words, as a result of the horizontal cross-
sectional shape of the track grooves 9 and 11 being the
gothic arch, the contacting state of the balls can be sta-
bilized and a smooth rotation transmission can be per-
formed.
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[0078] The constant velocity universal joint can be a
slide-type constant velocity universal joint in which a tri-
pod-type trunnion, such as those shown in Figs. 15(a) to
(c), Fig. 15B, and Fig. 15C, is used as the inner joint
component. A tripod component 66 serving as the inner
jointcomponentincludes a boss section 65 and leg shafts
62 that project in an outer diameter direction from the
boss section 65 along the circumferential direction, at a
120 degree pitch. The shaft 5 is pressed into an axis hole
63 of the boss section 65. A roller (not shown) serving
as a torque transmitting component is attached to the leg
shaft 62. A circumferential direction groove 67 is formed
on a tip section of the leg shaft 62. A stopper ring for
stopping dislocation of the roller attached to the leg shaft
62 is set in the circumferential direction groove 67.
[0079] Therefore, the inner diameter surface of the axis
hole 63 of the boss section 65 is an un-hardened section.
The shaft 5 on the outer diameter surface of which the
hardening process is performed and on the axial end
section of which the spline 41 is formed, as shown in Fig.
4, is pressed into the axis hole 63 of the boss section 65.
In the inner joint component in the tripod-type constant
velocity universal joint as well, the hardened layer S2 is
preferably provided on the outer surface as shown in
Figs. 15A (b) and (c).

[0080] As a result of the press-fitting, the projections
35 configured by the projection tooth 41a of the spline
41 can form the recesses 36 that engage with the pro-
jections 35 on the inner diameter surface of the axis hole
63 of the boss section 65. In this case as well, the en-
gagement contacting regions 38 of the projections 35
and the recesses 36 of the shaft 5 are in close contact
over the whole region. Therefore, the tripod component
66 and the shaft 5 can be connected with high accuracy.
A stable torque transmission can be performed.

[0081] According to each embodiment described
above, the spline 41 configuring the projections 35 on
the shaft 5 side is formed. In addition, the hardening proc-
ess is performed on the spline 41 of the shaft 5, and the
inner diameter surface of the inner member 2 is un-hard-
ened (raw material). On the other hand, according to an-
other embodiment shown in Fig. 16 and Fig. 17, a spline
61 (formed by a projection line 61a and a recess line 61
b) can be formed in which the hardening process is per-
formed on the inner diameter surface of the axis hole 22
of the inner member. The hardening process is not per-
formed on the shaft 5. The spline 61 can also be formed
by various processing methods that have been public
knowledge since the past, such as a broaching process,
a cutting process, a pressing process, and an extraction
process. As the thermoset processing, various heat treat-
ments can be used, such as induction hardening, and
carburizing and quenching

[0082] In this case, the projecting direction intermedi-
ate region of the projection 35 corresponds to the position
of the recess forming surface (outer diameter surface of
the shaft 5) before the recess is formed. In other words,
aminimum diameter (minimum inner diameter dimension
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of the projections 35) D4 of a circle connecting the peaks
of the projections 35 that are the projection lines 61a of
the spline 61 is set to be smaller than the outer diameter
dimension D3 of the shaft 5. A minimum outer diameter
dimension (inner diameter dimension of the axis hole in-
ner diameter surface between projections) D5 of a circle
connecting the bottoms of the recess lines 61 b of the
spline 61 is set to be greater than the outer diameter
dimension D3 of the shaft 5. In other words, D4<D3<D5.
[0083] In this case, if the shaft 5 is pressed into the
axis hole 22 of the inner member 2, the recesses 36 into
which the projections 35 are fitted can be formed on the
outer diameter surface 5b of the shaft 5 by the projections
35 on the inner member 2 side. As a result, an engaged
state can be configured in which the engagement con-
tacting regions 38 of the projections 35 on the inner mem-
ber 2 side and the recesses 36 of the shaft 5 are in close
contact over the whole region.

[0084] Here, the engagement contacting regions 38 of
the projections 35 and the recesses 36 of the shaft 5 are
region B shown in Fig. 17(b). The region B is a region
from the middle of the slope of the projection 35 to the
peak in the cross-section. A gap C is formed between
projections 35 adjacent in the circumferential direction.
The gap C is formed closer to the outer diameter side
than the outer diameter surface of the shaft 5.

[0085] In this case as well, the protruded sections are
formed by the press-fitting. Therefore, the pocket sec-
tions for housing the protruded sections are preferably
provided. Unlike that shown in Fig. 10, the protruded sec-
tions are formed on the shaft side. Therefore, the pocket
sections are provided on the inner member 2 side.
[0086] Even when the projections 35 of the recess-
projection engagement configuration M are formed on
the inner member 2 side in this way, a shoulder section
can be provided on an end section of the shaft 5. The
shoulder section performs centering when the outer di-
ameter dimension of the shaft 5 is pressed into the inner
member 2. As a result, a high accuracy press-fitting can
be performed. In addition, a projection recess in a saw-
tooth shape or the like that provides a dislocation stop-
ping function can be provided on the inner member 2
side. Even when the hardened surface S1 is not shown
in any of the above-described inner members, the hard-
ened surface S1 is preferably provided in a manner sim-
ilar to that in Fig. 2 and Fig. 3.

[0087] Next, variation embodiments of the present in-
vention will be described with reference to Fig. 18 to Fig.
36. According to any variation embodiment, as shown in
Figs. 18 and 19 for example, a plurality of recess grooves
39 (three grooves according to the embodiment) running
along the circumferential direction are disposed on the
inner diameter surface 37 of the axis hole 22 of the inner
member 2 at a predetermined pitch along the axial direc-
tion. A depth of the recess groove 39 is set to be deeper
than a depth of the recess 36 formed on the inner diam-
eter surface 37 of the axis hole 22.

[0088] Any region in a projecting direction of the pro-
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jection 35 (projecting direction intermediate sectionin the
diagram) corresponds with the position of the recess
forming surface before the recess is formed. Each pro-
jection 35 has a triangular (sloped) cross-section having
a projection, arc-shaped peak. The engagement contact-
ing regions 38 of each projection 35 and recess 36 of the
inner member 2 are region A shown in Fig. 20(b). The
region A is a region from the middle of the slope to the
peak in the cross-section of the projection 35. The gap
40 is formed between projections 35 adjacent in the cir-
cumferential direction. The gap 40 is formed closer to the
inner diameter side than the inner diameter surface 37
of the inner member 2. Rather than the projection direc-
tionintermediate section of all projections 35 correspond-
ing to the position of the recess forming surface before
the recess is formed, some projections 35 can corre-
spond thereto.

[0089] As shown in Fig. 19 and Fig. 22, the thermoset
processing is performed on the outer diameter section
of the end section 5a of the shaft 5. The spline 41 is
formed including the projection 41a and the recess 41b
running along the hardened layer S in the axial direction.
Therefore, the projection 41a of the spline 41 is harden-
ing-processed. The projection 41a becames the projec-
tion 35 of the recess-projection engagement configura-
tion M. At this time, the inner diameter surface 37 of the
axis hole 22 of the inner member 2 is an un-hardened
section on which the thermoset processing has not been
performed. InFig. 19 and Fig. 22, a cross-hatched section
indicates the hardened layer S. A hardness difference
between the hardened layer S and the un-hardened sec-
tion of the inner diameter surface 37 of the axis hole 22
of the inner member 2 is 30 points or more in HRC. The
module of the spline 41 of the shaft 5 is small teeth of
0.5 or less.

[0090] Whenthe shaft5is pressedintotheinner mem-
ber 2, material is pushed out from the recesses 36 formed
by the projections 35. The protruded sections 45 (see
Fig. 27 and the like) are formed. The protruded section
45is the material of an amount of the volume of the recess
36 into which the projection 35 is fitted (engaged). The
protruded section 45 is configured by material that is
pushed out from the formed recesses 36, material that
is cuttoformthe recesses 36, both material thatis pushed
out and material that is cut, and the like.

[0091] Because the recess grooves 39 are formed on
the inner diameter surface 37 of the axis hole 22 of the
inner member 2, when the recesses 36 are formed by
the projections 35, the recesses36 are intermittent, with-
outbeing continuous in a length direction (axial direction).
Therefore, the protruded sections (pushed-out sections)
45 are cut at intermittent sections (recess groove 39) of
the recesses 36. Therefore, resistance that pushes the
protruded sections (pushed-out sections) 45 is reduced.
The press-fitting load is reduced. Because the press-fit-
ting load is reduced, an overall length of the recess 36
can be increased. An engagement length of the recess-
projection engagement configuration M can be in-
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creased.

[0092] In other words, when the recesses 36 are inter-
mittent, as shown in Fig. 23, the press-fitting force (load)
decreases at the recess groove 39. However, when the
recesses 36 are not intermittent, as shown in Fig. 24, the
press-fitting force increases as the recess forming length
increases.

[0093] Next, Fig. 25 shows another embodiment. In
the recess-projection engagement configuration M, the
projection recess 55 running along the axial direction is
formed on a portion of the projection 35 of the shaft 5,
namely the projection 41a of the spline 41, in the axial
direction. In this case, the projection recess 55 is formed
in a saw-tooth shape running along the axial direction.
In this case, the cross-section of the projection (projection
tooth) 55a in the axial direction is a right triangle of which
the shaft end surface side is the angled surface. Accord-
ing to this embodiment as well, the recess groove 39 is
formed on the inner diameter surface 37 of the axis hole
22 of the inner member 2.

[0094] As shown in Fig. 26, when the axial center of
the inner member 2 and an axial center of the shaft 5 are
aligned and the shaft 5 including the projection recess
55 is pressed into the axis hole 22 of the inner member
2, the projections 35 on the shaft 5 side form the recesses
36 on the inner member 2. In this case, the projection
recess 55 wedges into the bottom section of the recesses
36 formed on the inner member 2 side. In other words,
the axis hole 22 of the inner member 2 that expands in
diameter during press-fitting decreases in diameter such
as to return to an original state after the press-fitting is
completed. Therefore, when a description is given with
reference to Fig. 8, the pressing force (diameter reduction
force) works on the projection recess 55 from the inner
diameter surface side of the axis hole 22 of the inner
member 2, as shown by the arrow. The projections 55a
of the projection recess 55 wedge into the inner diameter
surface of the axis hole 22 of the inner member 2.
[0095] According to still another embodiment shown
inFig. 27, the pocket section 50 that houses the protruded
section 45 is provided on the shaft 5. In other words, the
pocket section 50 is formed by the circumferential direc-
tion groove 51 being formed on the axial end edge of the
spline 41 of the shaft 5. As shown in Fig. 28, the side wall
51a of the circumferential direction groove 51 on the
spline 41 side is a flat surface perpendicular to the axial
direction. The side surface 51b on the counter-spline side
is a tapered surface of which the diameter expands from
the groove bottom 51c towards the counter-spline side.
[0096] Thedisk-shaped shouldersection 52 for center-
ing is provided closer to the counter-spline side than the
side surface 51b. An outer diameter dimension D3 of the
shoulder section 52 is set to be the same as the hole
diameter of the axis hole 22 to slightly smaller than the
hole diameter D of the axis hole 22. In this case, the
minute gap tis provided between the outer diameter sur-
face 52a of the shoulder section 52 and the inner diam-
eter surface 37 of the axis hole 22.
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[0097] Even in the shaft 5 shown in Fig. 27, as shown
in Fig. 29, when the axial center of the inner member 2
and the axial center of the shaft 5 are aligned and the
shaft 5 is pressed into the axis hole 22 of the inner mem-
ber 2, the projections 35 on the shaft 5 side forms the
recesses 36 on the inner member 2 side. At this time, as
shown in Fig. 30 and Fig. 31, the formed protruded sec-
tion 45 is first cut at a recess groove 39a on a press-fitting
starting end side. A cut piece 45a thereof is housed in
the pocket section 50. Subsequently, when press-fitting
is further performed, the protruded section 45 is cut at a
recess groove 39b at an axial direction center. A cut piece
45b (see Fig. 28) thereof is housed in the pocket section
50. As aresult of the press-fitting being further performed,
the protruded section 45 is cut at a recess groove 39c at
a counter-press-fitting starting end side. A cut piece 45c
(see Fig. 28) thereof is housed in the pocket section 50.
Ultimately, as shown in Fig. 28, the protruded section 45
from the press-fitting starting end side to the recess
groove 39a near the starting end, the protruded section
45 from the recess groove 39a to the recess groove 39b
at the axial direction center, and the protruded section
45fromthe recess groove 39b at the axial direction center
to the recess groove 39c on the counter-press-fitting
starting end side are housed in the pocket section 50.
[0098] In this way, as a result of the pocket section 50
housing the protruded sections 45 formed as a result of
recess formation by press-fitting being provided as de-
scribed above, the protruded sections 45 can be held
(maintained) within the pocket section 50 and do not slip
into the constant velocity universal joint. In other words,
the protruded sections 45 can remain housed within the
pocket section 50. The protruded section 45 removal op-
eration is not required to be performed. A number of as-
sembly operations can be reduced. Assembly workability
can be improved and cost can be reduced.

[0099] As aresult of the shoulder section 52 for center-
ing with the axis hole 22 of the inner member 2 being
provided on the counter-projection side of the pocket sec-
tion 50, the protruded sections 45 within the pocket sec-
tion 50 do not fly out towards the shoulder section 52
side. The protruded sections 45 are more stably housed.
Moreover, because the shoulder section 52 is for center-
ing, the axis section can be pressed into the axis hole 22
of the inner member 2 while preventing center misalign-
ment. Therefore, the inner member 2 and the shaft 5 can
be connected with high accuracy. A stable torque trans-
mission can be performed.

[0100] Becausetheshouldersection52isforcentering
during press-fitting, the outer diameter dimension D3
thereof is preferably set to be about slightly smaller than
the hole diameter of the inner member 2. In other words,
if the outer diameter dimension of the shoulder section
52 is the same as the hole diameter of the inner member
2 or greater than the hole diameter of the inner member
2, the shoulder section 52 itself is pressed into the axis
hole of the inner member 2. When the outer diameter
dimension of the shoulder section 52 is excessively
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smaller than the hole diameter of the axis hole, the shoul-
der section 52 does not function as that for centering.
Therefore, the minute gap t between the outer diameter
surface 52a of the shoulder section 52 and the inner di-
ameter surface of the axis hole is preferably set to about
0.01mm to 0.2mm.

[0101] According to each embodiment described
above, the spline 41 configuring the projections 35 on
the shaft 5 side is formed. In addition, the hardening proc-
ess is performed on the spline 41 of the shaft 5, and the
inner diameter surface of the inner member 2 is un-hard-
ened (raw material). On the other hand, according to an
embodiment shown in Fig. 32 and Fig. 33, as shown in
Fig. 34, the spline 61 (formed by the projection line 61a
and the recess line 61b) can be formed in which the hard-
ening process is performed on the inner diameter surface
of the axis hole 22 of the inner member. The hardening
process is not performed on the shaft 5. The spline 61
can also be formed by various processing methods that
have been public knowledge since the past, such as a
broaching process, a cutting process, a pressing proc-
ess, and an extraction process. As the thermoset
processing, various heat treatments can be used, such
as induction hardening, and carburizing and quenching.
In Fig. 34, a cross-hatched section on the inner diameter
side of the inner member 2 indicates the hardened layer
S1.

[0102] The projecting direction intermediate region of
the projection 35 corresponds to the position of the recess
forming surface (outer diameter surface of the shaft 5)
before the recess is formed. In other words, a minimum
diameter (minimum inner diameter dimension of the pro-
jections 35) D4 of a circle connecting the peaks of the
projections 35 that are the projection lines 61a of the
spline 61 is set to be smaller than an outer diameter di-
mension D6 of the shaft 5. A minimum outer diameter
dimension (inner diameter dimension of the axis hole in-
ner diameter surface between projections) D5 of a circle
connecting the bottoms of the recess lines 61b of the
spline 61 is set to be greater than the outer diameter
dimension D5 of the shaft 5. In other words, D4<D6<D5.
[0103] In addition, a plurality of recess grooves 70
(three grooves in Figs. 32 and 33) are formed on the
outer diameter surface (spline forming section) of the
shaft 5 along the circumferential direction. A groove bot-
tom diameter D7 of arecess groove 70 is set to be smaller
than the minimum diameter (minimum inner diameter di-
mension of the projections 35) D4 of the circle connecting
the peaks of the projections 35.

[0104] Here, the engagement contacting regions 38 of
the projections 35 and the recesses 36 of the shaft 5 are
region B shown in Fig. 35. The region B is a region from
the middle of the slope to the peak in the cross-section.
The gap C is formed between projections 35 adjacent in
the circumferential direction. The gap C is formed closer
to the outer diameter side than the outer diameter surface
of the shaft 5.

[0105] Therefore, as shown in Fig. 34, as a result of
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the projections 35 being provided on the axis ole 22 of
the inner member 2 and the shaft 5 being pressed into
the axis hole 22 of the inner member 2, even when the
recesses 36 are formed on the outer diameter surface of
the shaft 5 by the projections 35 of the inner member 2,
a gap causing backlash in a radial direction and the cir-
cumferential direction is not formed. As a result, opera-
tional effects similar to those according to the first em-
bodimentin Fig. 1, described above, such as all engage-
ment regions contributing to rotational torque transmis-
sion and stable rotational torque transmission being
made possible, can be achieved.

[0106] The protruded section is formed by press-fitting
in a similar manner to that according to the above-de-
scribed embodiment. However, because the recess
grooves 70 are formed on the outer diameter surface of
the shaft 5, first, the protruded section from a tip edge of
the shaft 5 to the foremost recess groove 70 is cut at this
recess groove 70. Then, the protruded section from the
foremost recess groove 70 to the middle recess groove
70 is cut at this recess groove 70. The protruded section
from the middle recess groove 70 to the proximal recess
groove 70 is cut at this recess groove 70.

[0107] Therefore, the protruded sections are intermit-
tently formed. Operational effects similar to those when
the recess grooves 39 are formed on the inner member
2 side can be achieved. A pocket section housing the
protruded sections is preferably provided. Because the
protruded sections are formed on the shaft side, the pock-
et section is provided on the inner member 2 side.
[0108] Even when the recess and projection engage-
ment configuration M is intermittently formed, the shoul-
der section can be provided on the end section of the
shaft 5. The shoulder section performs centering when
the outer diameter dimension of the shaft 5 is pressed
into the inner member 2. As a result, a high accuracy
press-fitting can be performed. In addition, a projection
recess in a saw-tooth shape or the like that provides a
dislocation stopping function can be provided on the inner
member 2 side.

[0109] As the recess grooves 39 formed on the inner
diameter surface 37 of the axis hole 22 of the inner mem-
ber 2, grooves in various shapes shown in Figs. 36(a),
(b), (c), (d), and (e) can be used. Fig. 36(a) shows a
groove including a tapered section 72a of which the
groove bottom becomes deeper from the press-fitting
starting end side towards the counter-starting end side.
Fig. 36(b) shows a groove including a tapered section
72b of which the groove bottom becomes shallower from
the press-fitting starting end side towards the counter-
starting end side. Fig. 36(c) shows a groove of which the
groove bottom is semicircular.

[0110] In Figs. 36(d) and (e), in a similar manner to
that in Fig. 1 and the like, the cross-sectional shape of
the recess groove 39 is rectangular. However, in Fig. 36
(d), the number of recess grooves 39 is two grooves.
When a length from the press-fitting starting end to the
recess groove 39a on the press-fitting starting end side
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is a and a length from the recess groove 39a to another
recess groove 39b is b, a>b. In addition, in Fig. 36(e),
three recess grooves 39a, 39b, and 39c are at an angle
to the axial center.

[0111] Therefore, even when the recess grooves 30
are of the various shapes shown in Figs. 36(a), (b), (c),
(d), and (e), when the projections 35 form the recesses
36, the recesses 36 are intermittent, without continuing
along the length direction (axial direction). Therefore, the
protruded sections (pushed-out sections) 45 formed
when the shaft 5 is pressed into the axis hole 22 of the
inner member 2 are cut at the intermittent sections of the
recesses 36. Operational effects similar to those in Fig.
1, described above, can be achieved. In particular, as
shown in Fig. 36(d), as a result of the length to the recess
groove 39a on the press-fitting starting end side being
long, spline strength (engagement strength) can be en-
sured at a range that is most easily twisted and at which
stress is concentrated (a range from the press-fitting
starting end to the recess groove 39a on the starting end
side).

[0112] In addition, even when the recess grooves are
the recess grooves 70 formed on the shaft 5 side, the
grooves of the various shapes shown in Figs. 36(a), (b),
(c), (d), and (e) can be used.

[0113] The recess grooves 39 and 70 can be formed
by, for example, turning. Therefore, the groove shape is
a shape cut by an ordinary grooving bite. The groove
shape can be a copying shape (from either side in the
axial direction) such that a recess groove forming surface
(the inner diameter surface 37 of the inner member 2 or
the outer diameter surface 5b of the shaft 5) and arecess
groove processing can be cut through a single process.
The number of recess grooves 39 and 70 can be in-
creased and decreased arbitrarily. According to the
above-described embodiments, the recess grooves 39
and 70 are separate. However, the recess grooves 39
and 70 can be formed continuously in a spiral form.
[0114] In any of the above-described constant velocity
universal joints, constituent elements including the outer
member 1, the inner member 2, the balls 3, and the cage
4 can be mounted by random matching, and the track
grooves 9 of the outer member 1 and the track grooves
11 of the inner member 2 can be formed by cold forging
finish.

[0115] In other words, the outer member 1 and the in-
ner member 2 of which the track grooves 9 and 11 are
formed by cold forging finish are formed by random
matching in which combinations are arbitrarily made with-
out selected combining being performed in which, from
among a large number of outer members 1, inner mem-
bers 2, balls 3, and cages 4, constituent elements includ-
ing the outer member 1, the inner member 2, the balls 3,
and the cage 4 can be selected and combined such that
PCD gap and the like fall within a range of defined values,.
[0116] As a result of each constituent element being
combined by random matching and either one of the track
grooves 9 of the outer member 1 and the track grooves
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11 of the inner member 2 being formed by cold forging
finish in this way, only cold forging finish is performed.
Grinding finish after turning and heat treatment become
unnecessary. Therefore, cost reduction of the constant
velocity universal joint can be achieved.

[0117] The constituent elements including the outer
member 1, the inner member 2, the balls 3, and the cage
4 can be selected and mounted such that the PCD gap
and the like fall within the range of defined values. In this
case, the PCD gap and the like can easily fall within the
range of defined values. Backlash between each constit-
uent element can be kept to a minimum required amount.
[0118] Here, in the recess-projection engagement
configuration M between the inner diameter axis hole 22
of the inner member 2 and the shaft 5, in a constant ve-
locity universal joint in which a gap forming backlash in
the radial direction and the circumferential direction is
not formed and that includes the outer member 1 and the
inner member 2 of which the track of at least either one
is cold forging finished, described above, the PCD gap
of the ball tracks formed by the track grooves 9 of the
outer member 1 and the track grooves 11 of the inner
member 2 that work together with the track grooves 11
is preferably defined as being from -0.02 to +0.3mm. As
aresult, the backlash between each constituent element,
including the outer member 1, the inner member 2, the
balls 3, and the cage 4, can be keptto a minimumrequired
amount.

[0119] A constant velocity universal joint mounted by
random matching can be an undercut-free constant ve-
locity universal joint shown in Fig. 39 or a DOJ-type con-
stant velocity universal joint shown in Fig. 40. According
to each embodiment described above, the spline 41 con-
figuring the projections 35 on the shaft 5 side is formed.
In addition, the hardening process is performed on the
spline 41 of the shaft 5, and the inner diameter surface
of the inner member 2 is un-hardened (raw material).
However, on the other hand, as shown in Fig. 41 and Fig.
42, the spline 61 (formed by the projection line 61a and
the recess line 61b) can be formed in which the hardening
process is performed on the inner diameter surface of
the axis hole 22 of the inner member. The hardening
process is not performed on the shaft 5. The spline 61
can also be formed by various processing methods that
have been public knowledge since the past, such as a
broaching process, a cutting process, a pressing proc-
ess, and an extraction process. As the thermoset
processing, various heat treatments can be used, such
as induction hardening, and carburizing and quenching
[0120] In this case, the projecting direction intermedi-
ate region of the projection 35 corresponds to the position
of the recess forming surface (outer diameter surface of
the shaft 5) before the recess is formed. In other words,
aminimum diameter (minimum inner diameter dimension
of the projections 35) D4 of a circle connecting the peaks
of the projections 35 that are the projection lines 61 a of
the spline 61 is set to be smaller than the outer diameter
dimension D3 of the shaft 5. A minimum outer diameter
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dimension (inner diameter dimension of the axis hole in-
ner diameter surface between projections) D5 of a circle
connecting the bottoms of the recess lines 61b of the
spline 61 is set to be greater than the outer diameter
dimension D3 of the shaft 5. In other words, D4<D3<D5.
[0121] In this case, if the shaft 5 is pressed into the
axis hole 22 of the inner member 2, the recesses 36 into
which the projections 35 are fitted can be formed on the
outer diameter surface 5b of the shaft 5 by the projections
35 on the inner member 2 side. As a result, an engaged
state can be configured in which the engagement con-
tacting regions 38 of the projections 35 on the inner mem-
ber 2 side and the recesses 36 of the shaft 5 are in close
contact over the whole region.

[0122] Here, the engagement contacting regions 38 of
the projections 35 and the recesses 36 of the shaft 5 are
region B shown in Fig. 42. The region B is a region from
the middle of the slope of to the peak in the cross-section.
The gap C is formed between projections 35 adjacent in
the circumferential direction. The gap C is formed closer
to the outer diameter side than the outer diameter surface
of the shaft 5.

[0123] In this case as well, the protruded section is
formed by the press-fitting. Therefore, the pocket section
for housing the protruded section is preferably provided.
Unlike that shown in Fig. 10, the protruded section is
formed on the shaft side. Therefore, the pocket section
is provided on the inner member 2 side.

[0124] Even when the projection 35 of the recess-pro-
jection engagement configuration M is formed on the in-
ner member 2 side in this way, the shoulder section can
be provided on the end section of the shaft 5. The shoul-
der section performs centering when the outer diameter
dimension of the shaft 5is pressed into the inner member
2. As a result, a high accuracy press-fitting can be per-
formed. In addition, the projection recess in a saw-tooth
shape or the like that provides the dislocation stopping
function can be provided on the inner member 2 side.
[0125] The undercut-free constant velocity universal
joint in Fig. 39 specifically includes and outer member
73, an inner member 76, a plurality of balls 77, and a
cage 78. The outer member 73 serves as the outer joint
component in which a plurality of track grooves 72 are
formed on an inner spherical surface (inner circumferen-
tial surface) 71 along the axial direction, the track grooves
72 being equal distances apart in the circumferential di-
rection. The inner member 76 serves as the inner joint
component in which a plurality of track grooves 75 form-
ing pairs with the track grooves 72 of the outer member
73 are formed on an outer spherical surface (outer cir-
cumferential surface) 74 along the axial direction, the
track grooves 75 being equal distances apart in the cir-
cumferential direction. The balls 77 are interposed be-
tween the track grooves 72 of the outer member 73 and
the track grooves 75 of the inner member 76, and trans-
mits torque. The cage 78 is interposed between the inner
spherical surface 71 of the outer member 73 and the
outer spherical surface 74 of the inner member 76, and
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holds the balls 77 serving as torque transmitting compo-
nents.

[0126] A track groove 72 on the outer member 73, de-
scribed above, includes a back side track groove 72a
and an opening side track groove (straight track groove)
72b. The track groove 72a has a track bottom forming
an arc section. The track groove 72b has a track bottom
that is a straight section parallel with the outer member
axial line. A track groove 75 on the inner member 76
includes a back side track groove 75a and an opening
side track groove 75b. The track groove 75a has a track
bottom that is a straight section parallel with the outer
member axial line. The track groove 72b has a track bot-
tom forming an arc section.

[0127] The DOJ-type constant velocity universal joint
in Fig. 40 specifically includes and outer member 80, an
inner member 90, a plurality of balls 100, and a cage 101.
The outer member 80 serves as the outer joint compo-
nent in which a plurality of linear track grooves 82 ex-
tending in the axial direction are formed on a cylindrical
inner circumferential surface 84, the track grooves 82
being equal distances apart in the circumferential direc-
tion. The inner member 90 serves as the inner joint com-
ponent in which a plurality of linear track grooves 92 ex-
tending in the axial direction and forming pairs with the
track grooves 82 of the outer member 80 are formed on
a spherical outer circumferential surface 94, the track
grooves 82 being equal distances apart in the circumfer-
ential direction. The balls 100 are interposed between
the track grooves 82 of the outer member 80 and the
track grooves 92 of the inner member 90, and transmits
torque. The cage 101 is interposed between the cylindri-
cal inner circumferential surface 84 of the outer member
80 and the spherical outer circumferential surface 94 of
the inner member 90, and holds the balls 100 serving as
torque transmitting components.

[0128] Inthe undercut-free constant velocity universal
joint shown in Fig. 39 and the DOJ-type constant velocity
universal joint shown in Fig. 40, constituent elements in-
cluding the outer members 73 and 80, the inner members
76 and 90, the balls 77 and 100, and the cages 78 and
101 are mounted by random matching. Moreover, the
track grooves 72 and 82 of the outer members 73 and
80, and the track grooves 75 and 92 of the inner members
76 and 90 are formed by cold forging finish. The PCD
gap of the ball tracks formed by the track grooves 72 and
82 of the outer members 73 and 80, and the track grooves
75 and 92 of the inner members 76 and 90 that work
together with the track grooves 72 and 82 is preferably
defined as being from -0.02 to +0.3mm. Moreover, a hor-
izontal cross-sectional shape of the track grooves 72 and
82 of the outer members 73 and 80, and the track grooves
75 and 92 of the inner members 76 and 90 can be a
gothic arch that is in angular contact with the balls 100.
[0129] Inthe undercut-free constant velocity universal
joint shown in Fig. 39 and the DOJ-type constant velocity
universal joint shown in Fig. 40, as according to the
above-described embodiments, the shaft 5 is connected
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to the inner members 76 and 90 by the above-described
recess-projection engagement configuration M. As the
recess-projection engagement configuration M, various
configurations described above in Fig. 2, Fig. 3, Fig. 6.
Fig. 7, Fig. 13, and the like can be used. As shown in Fig.
10 and Fig. 12, the pocket section storing the protruded
sections formed by recess formation by press-fitting can
be provided. Moreover, the shoulder section for centering
with the axis hole of the inner joint component can be
provided on the counter-projection side of the pocket sec-
tion.

[0130] Therefore, even when the constant velocity uni-
versal joint is the undercut-free constant velocity univer-
sal joint shown in Fig. 39 or the DOJ-type constant ve-
locity universal joint shown in Fig. 40, operation effects
similar to those according to the above-described em-
bodiments can be achieved,

[0131] The embodiments of the presentinvention have
been described above. However, the present invention
is not limited to the embodiments. Various modifications
can be made. For example, the shape of the projection
35 in the recess-projection engagement configuration
has a triangular cross-section according to the embodi-
ment shown in Fig. 3 and a trapezoidal cross-section
(Mount Fuji-shaped) according to the embodiment
shown in Fig. 6. However, projections in various other
shapes, such as semicircular, semi-elliptical, rectangu-
lar, and the like can be used. Area of the projection 35,
the number of projections 35, a circumferential direction
arrangement pitch, and the like can be arbitrarily
changed. In other words, it is not required that the splines
41 and 61 be formed and the projections (projection
teeth) 41a and 61a of the splines 41 and 61 form the
projections 35 of the recess-projection engagement con-
figuration M. Something key-like can be used. Something
that forms a wave-shaped mating surface can be used.
Basically, what is required is that the projections 35 dis-
posed along the axial direction are pressed into the part-
ner side, the projections 35 can form the recesses 36 on
the partner side that engages in close contact with the
projections 35, the engagement contacting regions 38 of
the projections 35 and of the corresponding recesses 36
are in close contact over the whole region, and rotational
torque is transmitted between the inner member 2 and
the shaft 5.

[0132] As the axis hole 22 of the inner member 2, an
irregularly shaped hole other than a circular hole, such
as a polygonal hole, can be used. The cross-sectional
shape of the end section 5a of the shaft 5 fitting into the
axis hole 22 can be an irregularly shaped cross-sectional
shape other than a circular cross-sectional shape, such
as a polygonal cross-sectional shape. Therefore, for ex-
ample, the axis hole 22 of the inner member 2 can be
the circular hole and the cross-sectional shape of the end
section 5a of the shaft 5 can be a polygonal shape other
than the circular shape. Edge sections thereof can be
the above-described projections 35.

[0133] According to the above-described embodi-
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ments, as the shape of the pocket section 50, the circum-
ferential direction groove 50 has the side surface 51 b
on the counter-spline side that is a tapered surface of
which the diameter expands from a groove bottom 51c
towards the counter-spline side. However, the side sur-
face 51b is not necessarily required to be a tapered sur-
face. Basically, what is required is that the formed pro-
truded sections 45 can be stored (housed). Therefore,
the volume of the pocket section 50 is that which can
handle the formed pushed-out sections 45.

[0134] When the recess-projection 55 is provided, in
Fig. 7, the recess-projection 55 is provided on the axial
direction center section of the spline 41. However, the
recess-projection 55 can be provided on the shaft end
surface side of the spline 41. On the other hand, the re-
cess-projection 55 can be provided on the counter-shaft
end surface side. Moreover, the recess-projection 55 can
be provided over an entire axial direction length of the
spline 41. The numbers of and the shape of the projec-
tions (projection teeth) 55a of each recess-projection 55
are arbitrary. In other words, the recess-projection 55
can be provided on all projections 35 or on arbitrary pro-
jections 35 among all projections 35. As shown in Fig.
10 and the like, the recess-projection 55 can be formed
on the shaft 5 including the pocket section 50. According
to the embodiment, the recess-projection 55 is provided
on the projections 41a of the spline 41 configuring the
projections 35. However, the recess-projection 55 can
be provided on the recesses 41b of the spline 41.
[0135] According to the above-described embodi-
ments, thermoset processing is performed on the projec-
tions 35, and a projection corresponding side is an un-
hardened region. The hardness of the projections 35 is
made higher than the regions at which the recesses are
formed. However, as long as a hardness difference is
achieved, heat treatment can be performed on both or
neither. Moreover, only the press-fitting starting end sec-
tion of the projections when press-fitting is performed is
required to have a higher hardness than the regions
formed by the recesses 36. Therefore, the hardness of
the overall projection 35 is not required to be high. Fur-
thermore, the gap 40 is formed in Fig. 3 and the like.
However, it can be that which wedges into the inner di-
ameter surface 37 of the inner member 2 to the recesses
between the projections 35. The hardness difference be-
tween the projection 35 side and the recess forming sur-
face side formed by the projection 35 is preferably 30
points or more in HRC. However, as long as the projec-
tions 35 can be press-fitted, the hardness difference can
be less than 30 points. As the above-described heat treat-
ment method, for example, induction hardening, carbu-
rizing and quenching, tempering, and normalizing can be
given. When the recesses 36 are formed on the inner
diameter surface of the inner member 2 by the projections
35 of the shaft 5 during press-fitting, when carburizing
and quenching is performed on the inner member 2, as
a result of the inner diameter surface being anti-cemen-
tation processed, a layer with lower hardness than the
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projections 35 of the shaft 5 can be formed more easily
on the inner diameter surface of the inner member 2.
Moreover, when the projections 36 of the shaft 5 are
formed by the projections 35 on the inner diameter of the
inner member 2, as a result of a tempering process or a
normalizing process being performed on the shaft 5, the
hardness of the outer diameter surface of the shaft 5 can
be made lower than that of the projections 35 on the inner
diameter of the inner member 2 while ensuring torsional
strength of the shaft 5.

[0136] According to the above-described embodi-
ments, the end surface (press-fitting starting end) of the
projection 35 is a surface perpendicular to the axial di-
rection. However, the surface can be at a predetermined
angle to the axial direction. In this case, the surface can
be angled from the inner diameter side towards the outer
diameter side to the counter-projection side or to the pro-
jection side. When the projections 35 are press-fitted, the
side on which the recesses 36 are formed can be fixed
and the side on which the projections 35 are formed can
be moved. Alternatively, the side on which the projections
35 are formed can be fixed and the side on which the
recesses 36 are formed can be moved. Moreover, both
sides can be moved.

Claims

1. A constant velocity universal joint including an outer
joint component, an inner joint component inserted
in the outer joint component, and a torque transmit-
ting component that is interposed between the outer
joint component and the inner joint component and
performs torque transmission, the constant velocity
universal joint comprising:

a recess-projection engagement configuration
that connects the inner joint component and a
shaft pressed fitted into the inner joint compo-
nent, wherein

engagement contacting regions of projections
of at least one of the inner joint component or
the shaft and recesses of a partner component
engaging with the projections are in close con-
tact over the whole region.

2. The constant velocity universal joint according to
claim 1, wherein projections provided on one of ei-
ther an outer diameter surface of the shaft oraninner
diameter surface of the inner joint component and
extending in an axial direction are pressed into the
other along the axial direction, and recesses engag-
ing with the projections in close contact are formed
on the other by the projections.

3. The constant velocity universal joint according to
claim 1 or 2, wherein:
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a hardened layer is formed by induction hard-
ening on an outer diameter side of the inner joint
component, an inner diameter side of the inner
jointcomponentis in an un-quenched state, and
in the recess-projection engagement configura-
tion, engagement contacting regions of projec-
tions on the outer diameter surface of the shaft
and recesses on axis hole inner diameter sur-
face of the inner joint component that engages
with the projections are in close contact over the
whole region.

4. The constantvelocity universal joint according to any
one of claims 1 to 3, wherein:

projections extending in the axial direction are
formed on the outer diameter surface of the shaft
and recess grooves running along a circumfer-
ential direction are provided on the inner diam-
eter surface of the axis hole of the inner joint
component, and

the recess-projection engagement configura-
tion is configured in which the shaft is pressed
into the axis hole of the inner joint component,
recesses engaging in close contact with the pro-
jections are intermittently formed in the axial di-
rection on the inner diameter surface of the axis
hole of the inner joint component by the projec-
tions of the shaft, and the engagement contact-
ing regions of the projections of the shaft and
the recesses of the inner joint component are in
close contact over the whole region.

5. The constant velocity universal joint according to
claim 1 or 2, wherein:

projections extending in the axial direction are
provided on the inner diameter surface of the
axis hole ofthe innerjoint component and recess
grooves running along the circumferential direc-
tion are formed on the outer diameter surface of
the shaft, and

the recess-projection engagement configura-
tion is configured in which the shaft is pressed
into the axis hole of the inner joint component,
recesses engaging in close contact with the pro-
jections are intermittently formed in the axial di-
rection on the outer diameter surface of shaft by
the projections of the inner joint component, and
the engagement contacting regions of the pro-
jections of the inner joint component and the re-
cesses of the shaft are in close contact over the
whole region.

6. The constantvelocity universal jointaccording to any
one of claims 1 to 5, wherein:

the constant velocity universal joint includes an
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outer member serving as the outer joint compo-
nent in which a plurality of guide grooves ex-
tending in the axial direction are formed on an
inner circumferential surface, an inner member

claim 6, wherein:

one of either the track grooves of the outer joint

20

38

component or the track grooves of the inner joint
component is formed by cold forging;

constituent elements including the outer joint
component, the inner joint component, the balls,

serving as the inner joint component in whicha 5 and a cage are mounted by random matching;
plurality of guide grooves extending in the axial the inner joint component and the shaft fitted
direction are formed on an outer circumferential into the axis hole of the inner joint component
surface, torque transmitting balls disposed on are connected by the recess-projection engage-
ball tracks formed by the guiding grooves of the ment configuration; and
outer member and the guiding grooves of the 170 engagement contacting regions of the projec-
inner member working in cooperation, and a tions of one of either the inner joint component
holder having pockets that holds the torque or the shaft and the recesses of a partner com-
transmitting component, and balls are used as ponent engaging with the projections are in
the torque transmitting component. close contact over the whole region.
15
7. The constantvelocity universal jointaccording to any 10. The constant velocity universal joint according to
one of claims 1 to 6, wherein: claim 6, wherein:

the constant velocity universal joint is a cross- one of either the track grooves of the outer joint
groove-type constant velocity universal joint in- 20 component or the track grooves of the inner joint
cluding an outer member serving as the outer component is formed by cold forging finish;
joint component in which a guide groove twisted constituent elements including the outer joint
in one circumferential direction to an axial line component, the inner joint component, the balls,
and a guide groove twisted in another circum- and a cage are selected and mounted such that
ferential direction are alternately providedonan 25 PCD gap and the like fall within a range of de-
inner circumferential surface, an inner member fined values;
serving as the inner joint component in which the inner joint component and the shaft fitted
guiding grooves are formed on an outer circum- into the axis hole of the inner joint component
ferential surface thereof each of which forms a are connected by the recess-projection engage-
pair with each guiding groove of the outer mem- 30 ment configuration; and
ber and is twisted in the opposite direction of the engagement contacting regions of the projec-
counterpart guiding groove of the outer member, tions of one of either the inner joint component
and a holder holding the torque transmitting or the shaft and the recesses of a partner com-
component, and balls are used as the torque ponent engaging with the projections are in
transmitting component. 35 close contact over the whole region.

8. The constant velocity universal joint according to any 11. The constant velocity universal joint according to

one of claims 1 to 6, comprising: claim 9 or 10, comprising:
an outer joint component on which three track 40 an outer joint component in which a plurality of
grooves having roller guiding surfaces facing track grooves extending in an axial direction are
each other in the circumferential direction are formed on an inner circumferential surface;
formed; an inner joint component in which a plurality of
a tripod component serving as the inner joint track grooves forming pairs with the track
component including three leg shafts protruding 45 grooves of the outer joint component and ex-
in a radial direction; and tending in the axial direction are formed on an
rollers serving as a torque transmitting compo- outer circumferential surface;
nent fitted onto the leg shafts such as to rotate a plurality of balls that are interposed between
freely and inserted into the track grooves, the track grooves of the outer joint component
wherein 50 and the track grooves of the inner joint compo-
the rollers can move in the axial direction of the nent and transmits torque; and
outer joint component along the roller guiding a cage that is interposed between the inner cir-
surfaces. cumferential surface of the outer joint compo-
nent and the outer circumferential surface of the
9. The constant velocity universal joint according to 55 inner joint component and holds the balls,

wherein
each overall track groove is formed into a curved
line.
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The constant velocity universal joint according to
claim 9 or 10, comprising:

an outer joint component in which a plurality of
track grooves extending in an axial direction are
formed on an inner circumferential surface;

an inner joint component in which a plurality of
track grooves forming pairs with the track
grooves of the outer joint component and ex-
tending in the axial direction are formed on an
outer circumferential surface;

a plurality of balls that are interposed between
the track grooves of the outer joint component
and the track grooves of the inner joint compo-
nent and transmits torque; and

a cage that is interposed between the inner cir-
cumferential surface of the outer joint compo-
nent and the outer circumferential surface of the
inner joint component and holds the balls,
wherein

one end of each track groove is a fixed type
formed in a straight shape in parallel with an
axial line.

The constant velocity universal joint according to
claim 9 or 10, wherein:

the constant velocity universal joint is a slide-
type that includes

an outer joint component in which a plurality of
track grooves extending in an axial direction are
formed on a cylindrical outer circumferential sur-
face;

an inner joint component in which a plurality of
track grooves extending in the axial direction are
formed on a spherical outer circumferential sur-
face;

a plurality of balls that are interposed between
the track grooves of the outer joint component
and the track grooves of the inner joint compo-
nent and transmits torque; and

acage thatis interposed between the cylindrical
outer circumferential surface of the outer joint
component and the spherical outer circumfer-
ential surface of the inner joint component and
holds the balls.

The constant velocity universal joint according to any
one of claims 9 to 13, wherein a PCD gap of ball
tracks formed by the track grooves of the outer joint
component and the track grooves of the inner joint
component working in cooperation with the outer
joint component is -0.02 to +0.3 millimeters.

The constant velocity universal joint according to any
one of claims 9 to 14, wherein a horizontal cross-
sectional shape of the track grooves of the outer joint
component and the track grooves of the inner joint
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16.

17.

18.

19.

20.

21.

22,

40

component is a gothic arch that is in angular contact
with the balls.

The constant velocity universal joint according to any
one of claims 1 to 4 and 6 to 15, wherein projections
are formed on the shaft, and recesses that engage
in close contact with the projections are formed on
an axis hole inner diameter surface of the inner joint
component by the projection by hardness of at least
an axial direction end section of the projections being
higher than that of the axis hole inner diameter sec-
tion of the inner joint component and the shaft being
pressed into the axis hole of the inner joint compo-
nent from the axial direction end section side of the
projections.

The constant velocity universal joint according to any
one of claims 1, 2 and 5 to 15, wherein projections
are formed on an inner diameter surface of the axis
hole of the inner joint component, and recesses that
engage in close contact with the projections are
formed on an outer diameter surface of the shaft by
the projection by hardness of at least an axial direc-
tion end section of the projections being higher than
that of outer diameter section of the shaft and the
projections on the inner joint component side being
pressed into the shaft from the axial direction end
section side thereof.

The constant velocity universal joint according to
claim 16, wherein a pocket section for storing a pro-
truded section formed as a result of recess formation
by the press-fitting is provided on the shaft.

The constant velocity universal joint according to
claim 17, wherein a pocket section for storing a pro-
truded section formed as a result of recess formation
by the press-fitting is provided on the inner diameter
surface of the axis hole of the inner joint component.

The constant velocity universal joint according to
claim 18, wherein the pocket section for storing the
protruded section is provided on a press-fitting start-
ing end side of the projections of the shaft and a
shoulder section for centering with the axis hole of
the inner joint component is provided on a counter-
projection side of the pocket section.

The constant velocity universal joint according to any
one of claims 1 to 20, wherein any region of a pro-
jection in a projecting direction corresponds with a
recess forming surface before the recess is formed.

The constant velocity universal joint according to
claim 21, wherein a maximum diameter dimension
of an arc connecting peaks of a plurality of projec-
tions provided on a shaft outer diameter is greater
than an inner diameter dimension of the axis hole of
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the inner joint component, and a maximum outer di-
ameter dimension of a shaft outer diameter surface
between adjacent projections is smaller than the in-
ner diameter dimension of the axis hole of the inner
joint component.

The constant velocity universal joint according to
claim 21, wherein a minimum diameter dimension of
an arc connecting peaks of a plurality of projections
on the axis hole is smaller than an outer diameter
dimension of the inner joint component fitting section
of the shaft, and a minimum inner diameter dimen-
sion of an axis hole inner diameter surface between
adjacent projections is greater than the outer diam-
eter dimension of the inner joint component fitting
section of the shaft.

The constant velocity universal joint according to any
one of claims 1 to 23, wherein a circumferential di-
rection thickness of a projecting direction intermedi-
ate region of the projection is smaller than a circum-
ferential direction dimension at a position corre-
sponding to the intermediate region between projec-
tions adjacent in the circumferential direction.

The constant velocity universal joint according to any
one of claims 1 to 24, wherein a total sum of the
circumferential direction thickness of the projecting
direction intermediate regions of the projections is
smaller than a total sum of the circumferential direc-
tion thickness at positions corresponding to the in-
termediate regions of the projections of the partner
side engaging between projections adjacent in the
circumferential direction.

The constant velocity universal joint according to any
one of claims 1 to 25, wherein a recess-projection
running along the axial direction is provided on at
least a portion of the projection side in the axial di-
rection.

The constant velocity universal joint according to
claim 26, wherein the recess-projection running
along the axial direction on the projection side is
formed into a saw-tooth shape.
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